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34. (Amended) A method according to claim 33, wherein all possible 
singlc-base mutations for a single codon in a single target nucleotide sequence, or all possible 
single-base mutations for two or more [nearby or] adjacent codons or qt pucjeytid^ ppsitions 
^irh r ^^.\r^ overl -^ppino oligonucleotide probe get?, in multiple target nucleotide sequences 
are distinguished, the oUgonucleotide probe groups containing oligonucleotide probes with 
target-specific portions which overlap. , 

81 . (Twice Amended) A method according to claim 80, wherein each 
capture oligonucleotide differs from its adjacent capture oligonucleotide on the array by at 
least [25%] 's r' c^nx af ^en fom of the total number of nucleotides when the 
oligonucleotides are aligned end to end with one another without internal insertion or 
deletion. 

REMARKiS 

The July 16, 1998, personal interview between Examiners Adams, Ricigliano, 
and Fuldncr, applicant Francis Barany, and applicants' iinderisigned attorney is gratefiilly 
acknowledged. The substance of the interview largely follows the remarks of the June 26. 
1998. amendment. However, it was also requested that appUcants demonstrate why it would 
not have been obvious to combine prior art ligase detection reaction technology with the prior 
art DNA array technology to arrive at the present invention. The following remarks as well 
as the accompanying Declaration of Francis Barany Under 37 CFR § 1.132rBarany 
Declaration") arc submitted to respond to this issue. 

The ligase chain reaction and ligase detection reaction procedures are weU 
known in the art and have been shown to be useful for'detection of genetic diseases where a 
genetic defect is either not present (i.e. normal individuals), present in 50% of the DNA (i.C; 
heterozygous individuals), or always present (i.e. homozygous mutants) (Barany Declaration 
W 5-6). However, the situation is more complex when detecting cancer and cancer 
associated mutations where, in primary tumors, signal may be as low as 1 5% of wUd type 
DNA. whUe. in early detection of cancer metastasis, signal may range from 1% to 0.1% of . 
wild type DNA (Barany Declaration ^ 6). In addition.! many genes may be responsible for 
cancer development (Barany Declaration ^ 8). For example, in colorectal cancer, the three 
most commonly mutated genes are the APC. p53, andiK-roJ genes, where there are 
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mutatio.ns. respectively, present in 70%, 50%, and 40% of colorectal cancers. (U.) 
Moreover, different codons within each gene may be mutated Qd.) In view of these 
problems, there is an urgent need to develop nucleic acid based procedures for cancer 
detection Qi.). 

A number of DNA array-based technologies are known in the art; however, 
they are not satisfactory for cancer detection. As shown in paragraphs 9-10 of the Barany 
Declaration, anays have been proposed to be useful for quantifying expression level, and 
determining sequences of short nucleic acids. However* the inconect hybridization of target 
nucleotide sequences to capture probes on anays can result in sequencing enors (Barany 
Declaration H 12). A great amount of effort has been expended to avoid such errors; 
however, approaches to avoiding hybridization errors on arrays arc limited, have high false 
positive rates, are susceptible to high background noise, arc not useful for detecting 
sequences likely to be present in a sample in smaU amounts, such as cancer mutations 
(Barany Declaration 10, 13-15. and 18). 

The present invention's use of PCRA-DR in conjunction with array capture of 
ligation products constitutes a significant advance over the art, particularly witii regard to 
cancer detection. For example, tius procedure has been found to be usefiil in identifying all 
19 possible single-base mutations in K-roi codons 12. 13. and 61, witii a sensitivity of 1 in 
.500 wild type sequences (Barany Declaration fi 19-23 and 26). Thus, the multiplex 
PCR/LDR procedure of tiie present invention succeeds where (Wdeoxy sequencing or array 
hybridization would fail (Barany Declaration 'i 23). Although there are PCR-based 
techniques to detect single-base mutations present m a minority population of human tumor 
cells, tiiese procedures are unsatisfactory due to mis-extensions and polymerase errors v&ich 
cause false positive signals; they are also unable to detect the fill spectrum of mutations in a 
given gene locus (Barany Declaration H 24). 

The present invention is able to overcome tiie deficiencies of the prior art by 
separating the amplification (i.e. PGR) and mutation discrimination (i.e. LDR) steps (Barany 
Declaration 125). The advantages ofPCR/LDR include the ability to carry out large scale 
multiplexing, quahtiutive detection in a high background at normal sequences, detection of 
closely clustered mutations, and automated detection (Barany Declaration 1 26). High 
throughput is achieved by providing the LDR probes with addressable portions to guide 
ligation products to specific sites on an array (Barany Declaration ^ 27). By uncoupling 
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polymorphism identificalibn from hybridization, each step can be optimized independently 
Qi.). This is particularly useful in quantitatively assessing aUcIe imbalance while achieving a 
high signal to noise ratio (Baiany Declaration 111 27-28). AS shovm in paragraphs 29-32 of 

the Barany Declaration, an example of this is the use of PCR/LDR to detect mutations in 
codons 12 and 13 of the K-roy gene on an array. In using the combination of PCRyLDR and a 
DNA array, in accordance with the present invention, to detect K-r« gene mutations: (1) 
hybridization signal was correct for all nine test anays; (2) a signal to noise ratio of greater 
U«n 3 to 1 was achieved (despite the expectation that unligated LDR probes would out- 
compete ligation products for array capture sites); and (3) quantifiable results were achieved 
even when target mutant DNA was present in a 20-200 fold excess of wild-type sequence 
(See Barany Declaration n 29-32). Thus, the present invention is usefiil in detecting low 
abundance cancer mutations (Barany Declaration ^ 32).; This is not possible with prior 
techniques involving anays where the error rate in assembly of capture oligonucleotide 
probes is so high that there will not be sufficient addresses to permit capture of t^get present 
in small amounts (Baiany Declaration ^ 33).. Such prior art experience teaches kway from the 
present invention and. indeed, demonstrates that the results achieved with applicants- 
invention are unexpected (SSS MO • 

U.S. PatentNo. 5.415.839 to Zaun et ali is fiilly discussed in the June 26, 
1998. amendment. Applicants simply wish to emphasize that the entire focus of this 
reference is the amplification of target nucleotides-not the detection of single base 
differences, as claimed. Indeed, as pointed out in the prior amendment, with regard to the 
■ sickle cell anemia situation, Zaun's suggestion that gap-LCR can be employed forecloses any 
assertion that Zaun is to be used to detect smgle base differences. 

U.S, PatentNo. 5,695,934 to Brenner C'Brenner") discloses a procedure for 

massive parallel sequencing of different fragments of DNA. TOs technique irivolves 

(1) cloning fragments of DNA and sorting them onto beads or atwo dimensional array; 

(2) sequencing the fragmente by repeatedly labeling the fragments, identifying what base the 
label corresponds to, and removing one nucleotide frpm the fragment; and (3) assembling the 
fragments into a completed contig (Barany Declaration 1 16). Bremier's step (1) involves a 
combinatorial approach to synthesizing tags on beads where each bead has identical tags 
which differ from the tags on other beads m ' Both addresses and their complements are 
synthesized, and a portion thereof are cleaved from the beads and hybridized with each other 
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to make the tags double stranded (J^,)- tag complements have minimally 
cross-hybridizing properties Qd). The oligonucleotide tags are ligated to fragments of 
polynucleotides to be sequenced, placed into a vector, arid cloned into £. coU Qd.). The £. 
coli is then permitted to grow so that numerous copies of this identical bacteria with copies of 
the oligonucleotide tag and the polynucleotide fragment are produced Qd.). The joined 
oligonucleotide tag and polynucleotide fragment from each colony is excised, and a biotin or 
Fold restriction site is then placed at the end of this fragment which docs not have the tagged 
oligonucleotide to facilitate the sequencing procedure of step (2) Qd.). The tagged 
oligonucleotide is then made single stranded by digestion with a polymerase enzyme having 
3' to 5* exonuclease activity in the presence of a single nucleotide triphosphate Qd-)- ^ order 
for this procedure to work, tiie tag sequence must lack at least one of the 4 natural nucleotides 
such that polymerase degradation renders the entire tag sequence single stranded Qd.)- The 
resulting product is contacted with beads to which tag complement is attached under 
conditions effective to permit hybridization of the tagged oligonucleotide to the complement 
tag (1^0- Ligase or some other chemical means is used to cross-link permanently the 
polynucleotide fragment to the bead (y.). The product is then passed over a steptavidin 
coated slide and captured Gd-)- The captured polynucleotides can then be sequenced Qd.). 
Thus, Brenner has nothing to do with a solution phase, ligase detection reaction based 
procedure, which utilizes a reusable addressable anay, for detecting sirigle nucleotide base 
differences. Moreover, as demonstrated in paragraph 1:7 of the Barany Declaration, 
Brenner's tag complement subunits are also very different from those of the present 
invention. 

The prior art teaches away from the present invention in a number of other 
respects. On one hand, the art suggests that single stranded nucleic acids hybridize more 
efficiendy than a double stranded product (Barany Declaration %3S). However, the present 
invention utilizes a PCR product.directiy in an LDR procedure without modification Qd.). 
Existing array technology also suggests that capture probes be designed so that the matched 
or mismatched base is at or near the center of that probe (Barany Declaration ^ 30). By 
contrast, in the present invention, the matched or mismatched base is not in the addressable 
array specific portion of the oligonucleotide probes which hybridize to the anay capture 
probe. Finally, the background noise from mis-hybridization in the prior ait arrays is too 
high to detect mutations in primary tumors (Barany Declaration ^ 40), Thus, one of ordinary 
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skiil in the art would not have expected the present invention to detect mutant DNA present 
in small amounts, as demonsUated supra. 

It is thus apparent that the present invention is a significant advance over prior 
art LDR procedures and DNA array hybridization procedures. Accordingly, the prior art 
rejections made in the December 16, 1997, office action should be withdrawn. 

Lastly, applicants have submitted revised versions of claims 1 2, 1 6, 1 8-20, 22, 
26, 30, 34, and 81 further to overcome the outstanding rejection under 35 U.S.C. § 1 12 (2ndi 
para.). With respect to claims 12. 16, 18-20, 22, 26, 30, and 34, the term "nearby" has been 
replaced with the phrase "overiapping oligonucleotide probe sets". Support for this limitation 
is found, for example, in Figure 5. Claim 81 now refers to oligonucleotide differences 
numerically instead of in terms of a percentage. See the comparison between zipll and 2ipl2 
in the paragraph bridging pages 5-6 of the June 15. 1998. amendment for a discussion of the 
support for this in the present application. 

For all these reasons, as well as those set forth in the June 26, 1998, 
amendment, applicants submit this case is in condition for allowance and such allowance is 
earnestly solicited. 

Respectfully submitted, 

Michael L. Goldman 
Registration No. 30,727' 



Nixon. Hargrave, Devans & Doyle LLP 
Clinton Square, P.O. Box 1051 
Rochester, New York 14603 
Telephone: (716)263-1304 
FacsimUe: (716)263-1600 
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